I. INTRODUCTION
Synthetic aperture radar (SAR) has been widely used in military reconnaissance and civilian remote sensing exploration with its all-time and all-weather imaging capability and its high spatial resolution. Artificial airports, bridges, roads and other high-value objects are important targets in the SAR image interpretation. Analysis of such linear feature targets mainly depends on the linear feature extraction technology which supports a high-level recognition and information extraction. With the image resolution improving, it is one of the key issues for the SAR image interpretation that extracts the linear features quickly and accurately from mass of data and the complex scene.
Linear feature extraction usually relies on a two-step process: edge detection and line grouping. A lot of classical algorithms are applied for optical image [1] [2] [3] [4] . In terms of edge detection, there are many detection operators based on gradient information, such as Sobel operator, Canny operator and so on. In the terms of line grouping, the classical methods are most based or improved on the Hough transform, phase grouping and so on. For SAR image linear feature extraction, because of the multiplicative speckles produced by coherent imaging mechanics different from additive noise in the optical image, the traditional detection operators based on gradient information do not have the CFAR characteristics and often lead to many false edge detections. Therefore the pixel-level edge detection methods suitable for optical image often cannot be directly applied for SAR image. For the line grouping, the classical methods and their improved algorithm can be considered. In particular the LSD (Fast Line Segment Detector) [5] [6] algorithm proposed by Grompone et al. in recent years is a new linear feature extraction method. The LSD algorithm first calculates the gradient magnitude and gradient direction of each pixel in images using optics differential method. Then it improves the phase Group [7] to extract candidate segments faster, and finally applies the method [8] [9] proposed by Desolneux which is based on a general perception principle, the Helmholtz to control the number of false detections. In a word, the LSD algorithm extracts linear features fast, accurately, has small amount of false detections and so on.
Despite the LSD algorithm exhibits excellent performance and great potential for application, it is still just a method for the optical image. The purpose of this article is to design a new method of linear feature extraction based on the modified LSD algorithm for the SAR image. The main idea is to obtain the edge information by ROEWA (Ratio of Exponentially Weighted averages) [10] operator and Gabor filter [11] which solve the problem that the LSD algorithm cannot acquire the edge and estimate the edge orientation accurately in a SAR image. Successively, region growing is utilized to collect the pixels which share the same orientation up to a certain precision. The growing regions is defined as a line-support region and then described by rectangular approximation (namely the candidate line segment). Finally, the application of the Helmholtz principle [8] validates candidate line segments and removes the false. The experiment results indicate that the modified LSD algorithm can accurately extract linear features in the SAR image. In addition, compared with the phase of the classic organizational methods, this method shows stronger antiinterference ability, faster computing speed and a stronger practical value.
II. PROCESSES OF THE LINEAR FEATURE EXTRACTION BASED ON MODIFIED LSD ALGORITHM
The processes of the proposed method in this article include three parts: the acquisition to the edge information, the extraction of candidate line segments and the line segment validation, as shown in Fig. 1 . In the section of acquisition to edge information, the Frost filter [12] , the This work was supported by National Natural Science Foundation of China under Grant 61201338
International Conference on Remote Sensing, Environment and Transportation Engineering (RSETE 2013) ROEWA operator and the Gabor filter are, respectively, used to suppress speckle, detect the edge points and estimate the directions of edge points. In the section of candidate line segment extraction, in order to accelerate the speed of the candidate segment extraction, the edge points are listed in descending order according to the edge intensity. The list gives priority to edge points with higher intensity as seeds in the search of line-support region. In succession, candidate line segments are described by rectangular approximation of the region with respect to the line-support region and the geometric correction is carried out later. Finally, the application of a general perception principle, the Helmholtz principle [8] validates the candidate line segments to filter out the meaningful line segments and eliminate the false ones. The processes are shown in Fig.1 . 
III. EDGE INFORMATION ACQUISITION

A. Edge detection
Edge detection is the first condition of the follow-up line grouping. SAR image has a lot of speckle that the statistical distribution is different from the additive Gaussian noise in the optical image. The edge detection method for additive Gaussian noise in the LSD algorithm cannot be applied to the SAR image directly. ROEWA operator is the classic algorithm of edge detection in SAR images, which has CFAR properties, edge positioning accurately, few false edges, anti-fracture, etc. So ROEWA operator achieves great outcome to detect the edge in SAR images.
B. Estimation of the edge direction by the Gabor filter
Gabor filter is the product of a Gaussian which times a complex exponential representing harmonic modulation [13] .Gabor filter has excellent directional characteristics and can estimate accurately the direction of the edge in the SAR image. Daugman gives the 2D Gabor function [14] : 
When the fluctuation direction  in turn takes n values equally from 0 to 2π ，the direction of the edge point can be estimated by the n Gabor functions. Fig. 2 shows the side view and the top view of the two-dimensional Gabor function. 
is the largest component in the n-dimensional vector, the orientation of
is considered as the edge direction. The direction of each edge point is obtained by this method. From the psychology of perception [7] and experimental experience, N takes 16, i.e. when the difference of the angle of two-pixel points is 22.5°that the two points are generally considered to have the same orientation. Because of symmetry, Gabor filters in eight different directions satisfy the condition.
IV. EXTRACTION OF THE CANDIDATE LINE SEGMENT
After achieving the information of the edge points, the edge points need to be connected or grouped into meaningful segments. The processes of extraction of candidate line segments include two steps: the generation of line-support regions and the rectangular approximation of regions.
A. Line-support regions
The orientation of the edge point is calculated by the Gabor filter, then the points which share the same angle up to a certain tolerance form a region, and the growing region is defined as the line-support region. The direction of the line segment is the important information for linear feature extraction and detection and recognition of the linear targets. Usually the average direction of the set of pixels [14] is considered as the direction of the line segment. Fig.3 illustrates the procedure of the region growing algorithm. When a seed point is selected, the growing region starts with the seed point and the initial region angle is set to the seed point orientation. Then, the pixels adjacent to the region are tested and judged to satisfy the equation 5. 
 
The process is repeated until no new point can be added. Edges are usually defined as local rapid changes in some image feature, such as luminance or texture. The rapider the image gray value of the pixels changes in intensity, the more likely the pixels belong to edges. In order to quickly form an effective growing region, reduce the cost of time of the linear feature extraction in SAR image, the edge points detected by ROEWA operator are first in descending order according to the intensity, and then the points are selected as seed point of region growing in turn from the list. In addition, when an edge point is added to a region, it is marked and never visited again.
B. Rectangular approximation and geometric correction
The intensity variation representing a local edge is often spatially distributed over an extended area due to complex scene lighting conditions interacting with scene surfaces [14] . Besides, the growing regions stated above are usually the wide and irregular shape. So, in most practical situations, the line-support region is often associated with a rectangle approximation. The rectangular approximation is determined by its endpoints and its width or equivalently, its center, angle, length, and width. Its rectangular approximation as shown in Fig.4 includes all of these parameters. In the growing region, the center of mass is used to select the center of the rectangle, and the principal inertia axis to select the rectangle orientation. Then the length and the width are chosen in such a way as to cover the linesupport region. The rectangular approximation is the bounding box of the line-support region, which covers the whole line-support region. So the rectangle inevitably contains some non-edge points. This will result in inaccurate line segment extracted from the rectangle. Thus geometric corrections are needed for the rectangle to exclude the non-edge points. For example, rectangular length, width, etc. should be adjusted when the pixel-density of edge points inside the rectangle is less than the threshold [6] . After geometric correction, line segments need to be validated.
V. LINE SEGMENT VALIDATION
The aforementioned processes of edge detection, edge direction estimated by Gabor filter, region growing and rectangular approximation are pixel-level operating. In order to reduce the false detection of the line segment, simultaneously to exclude a large number of unordered and insignificant short line segments and to reduce the burden of subsequent calculations, it is necessary to validate the line segments (rectangular approximation) to obtain meaningful ones on the high-level processing.
In order to validate candidate line segments and get the meaningful segments, Desolneux applies the Helmholtz principle [8] to analyze and judge the geometric structure grouped by the Gestalt theory that the structure is a significant image event or not according to the false alarm threshold in statistical hypothesis model. The [8] describes if the expectation in an image of the number of occurrences of the structure which is grouped by points with a characteristic in common (e.g. the same direction) is less than ε (false alarm threshold) in a uniform random distribution of the background, the structure is called the ε-meaningful image event. NFA [5] (the number of False alarms) as defined in the equation 7 gives the mathematical expression to describe the meaningful rectangle in quantitation. If 
Where 5 N is the number of the potential rectangles in an N × N image, ( , , ) b n k p represents that the pixels in random conditions satisfy the binomial distribution, the equation is:
Where n is the number of pixels in the rectangle, k is the number of the aligned pixels, p is probability of the point that is aligned with a rectangle, which is decided by the perspective of the region growing. The smaller the value of NFA, the more meaningful the rectangle is.
For high-density texture region, the directions of extracted line segments are messy, disorderly, and isotropic, that validation can well remove these unwanted line segments.
VI. EXPERIMENTAL RESULTS AND ANALYSIS
To validate the effectiveness and the wideness of the proposed algorithm, two high-resolution SAR images are tested in this letter. Fig. 5 (a) is a SAR image containing a bridge .The image has 2-m resolution and a size of 1316 by 1577 pixels. In the image a large number of buildings, trees and other coverings are in the upper left corner; the river stretches across the middle; the bridge is across the river. Here the phase grouping is applied to extract the linear features compared with the proposed algorithm. Fig. 5 (b) shows the effect by the algorithm of phase grouping [15] . Fig.5 (c) shows the effect by the algorithm proposed in this article. In this experiment, the Gabor filter is selected in eight different directions and the window size of the Gabor filter is set to a size of 11 by 11 pixels. The threshold of the region growing is set to 22.5 °.The tolerance false alarm ε is set to 1 in the validation process. In order to illustrate the superiority of this method, here chooses three slices on the same position in the experimental results of the two algorithms, which are labeled with a, b, c three yellow boxes above as shown in Fig. 5 (b) and Fig. 5  (c). Fig. 6 shows the three groups of the slices (each group, the first is the result of the phase grouping; the second is the result of the algorithm in this article).
Comparing the two results of the two algorithms, in the high edge density texture area, the result using phase grouping has many fragmented, short, disordered line segments which are not meaningful. However these short line segments can be considered as well isotropic zones in the validation of the proposed algorithm and so most of them are removed as shown in Fig.6 (a) .Besides the proposed algorithm can get grouped and form complete, meaningful line segments as shown in Fig.6 (b) . The proposed algorithm makes use of information of the intensity and the direction of the pixels better, so it is able to extract line segments in low contrast regions, as shown in Fig. 6 (c) . Considering the cost of time, the algorithm of phase grouping takes about 11S (operating environment compatible PC CPU3.1GHz, 1.75G memory, Windows XP operating system, VC + + platform). The proposed algorithm using the method introduces the method stated in 4.1 can speed up the region growing. In the same operating environment, the linear feature extraction by the proposed algorithm has faster processing speed and needs about 7s in this image. Meanwhile, in order to show the wideness of the algorithm, the proposed algorithm is applied to the SAR image which contains the runway and has the size of 937 by 737 pixels as shown in Fig. 7(a) . From the experimental result as shown in Fig. 7(b) , the runway is well extracted. However it only takes about 3s. 
VII. CONCLUSIONS
In this article, a new linear feature extraction method based on modified LSD algorithm is described for SAR images. First, ROEWA operator is used to extract edges, and Gabor filter is used to estimate the direction of the edge points accurately; Second, the pixels which share the same direction are grouped and form line-support regions, and then the line-support regions are associated with a candidate line segment (actually, a rectangle) through parametric representation; Finally, calculate the NFA of the rectangle and modify the rectangle to get the meaningful one, at last extract line segments. Some experiments of the linear feature extraction in SAR image have been shown. The results prove that the proposed method can accurately and fast extract linear features in the SAR image. In addition, compared with the phase grouping, the proposed method has stronger antiinterference ability, faster computing speed and has great use in the applications. ACKNOWLEDGMENT I am grateful to Liu Tao for helpful discussions and thank anonymous reviewers for their very helpful and constructive comments on the manuscript.
